Introduction
Reflex seizures are defined as seizures triggered by specific stimuli. A recent review by Wolf and Koepp [1] divide them in simple, including touch sensibility (Touch Induced Seizures, TIS) and complex; they also mention Hot Water Seizures (HWS) in Hot water Epilepsy (HWE), separated from these categories. TIS and HWS need a cutaneous sensorial stimulus, but they behave different from a clinical point of view.
TIS can be symptomatic or cryptogenic. There is a lack of literature regarding their prevalence; however, several case reports have been published. The ictal semiology has been consistently described as beginning with a tingling sensation in a definite part of the body after prolonged contact, such as rubbing or tapping, followed by either tonic or clonic movements in a Jacksonian march with occasional bilateral body involvement [2, 3] . The avoidance of the stimuli is the best treatment, and pharmacotherapy is useful for stopping bilateral spread; however, in most cases pharmacotherapy does not stop completely focal seizures with preserved consciousness [4, 5] . It is important to distinguish TIS from startle epilepsy, which can be triggered by unexpected cutaneous, visual or auditory stimuli [3, 6] .
HWSs often occur in a reflex epileptic syndrome (HWE), which has been frequently described in southern parts of India. It is more prevalent in men [7] and has a suspected genetic basis. Less often, HWS are associated with structural abnormalities. Lesions related to HWS have been localized in the temporal and parietal lobes of both hemispheres. The cases of structural epilepsy with HWS occur at older ages than those in HWE and typically involve combined spontaneous non-reflex seizures in the same patient [8] [9] [10] . Previous literature suggests bathing with cold water as the first Purpose: Among the different precipitating stimuli for reflex seizures, Touch-Induced Seizures (TIS) and Hot Water Seizures (HWS) are consistently described in different reports. The aim of this study was to analyze the clinical, EEG and image data of patients with TIS and HWS. Methods: We retrospectively analyzed patients who were followed up in our Epilepsy Unit and had seizures triggered by these stimuli. All patients were studied with electroencephalography (EEG) and magnetic resonance (MR). Results: We recruited six patients, including five men, with an age range of 30-64 years-old. Four patients had TIS; all them had focal motor seizures after the stimuli, with epileptic foci in the frontocentral regions associated with peri-central gyri lesions on MR. One patient had HWS related to a septooptic dysplasia with periopercular polymicrogyria, and one patient had focal seizures that evolved into bilateral convulsions triggered by washing the mouth with cold water. We considered this last patient to have water contact-induced seizures (WCIS). Conclusions: Seizures in TIS are most likely focal, without impairment of awareness, and refractory to medical treatment. Antiepileptic drugs can prevent the progression to bilateral convulsion. The origins of such seizures seem to be related to small lesions or epileptogenic zones in the perirolandic areas. Lesional HWS and WCIS are focal seizures that involve impairment of consciousness or focal seizures that evolve to bilateral convulsion, are not such location specific and involve larger ictogenic areas. In both epilepsies, stimulus avoidance is the most effective treatment.
ß 2015 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. treatment option to be considered for HWS. In cases of HWE, treating with intermittent benzodiazepines prior to the bath has also been effective [11] . We aimed to characterize the clinical findings that correlated with the EEG and neuroimaging data from patients with TIS and HWS.
Methods
We collected patients who came regularly during the last two years to our out-patient clinic, and were classified as reflex seizures in our database, which has over 1800 patients. Patients were evaluated by an epileptologist and underwent at least a basal electroencephalography (EEG) and 3T Magnetic Resonance (MR) brain imaging. We also recorded EEG during the exposure to the stimulus.
Results
We selected six patients including five men, who suffered TIS or HWS. Their age range was between 30 and 64 years old. The epilepsy onset occurred between 14 and 52 years old. Four patients had SSRS, one had HWS and one had seizures triggered by cold water (Table 1) . We considered this last patient to have water contact-induced seizures (WCIS).
In patients with TIS, the triggering stimuli were always prolonged contact, rubbing or tapping of a specific area of a limb. All seizures began with ascending tingling sensations in the limbs that spread from distal to proximal direction and were followed by focal clonic movements without loss of awareness. Occasionally, focal motor activity progressed to bilateral tonic or tonic-clonic convulsions. There was not a constant time of stimulation to trigger the seizures; the gap was variable among patients and even variable in the same patient; together, they needed between 5 s and 20 s of stimulus (Table 1) . One patient could inhibit the propagation of the seizure by holding his foot tightly, and his foot was also the triggering point. MR revealed small lesions in two patients; both lesions were located in the contralateral perirolandic area. One was a focal cortical dysplasia (Fig. 1) , and the other was a cerebral infarct. All EEGs revealed interictal epileptiform activity. Two patients exhibited ictal onsets in the contralateral fronto-central regions during focal motor seizures. The bilateral progression of focal seizures was prevented with single antiepileptic drugs (AEDs) in three patients and with three AEDs in another patient. However, the most effective treatment for all patients was the avoidance of the triggering stimuli. One patient was treated with intermittent diazepam, but it was not fully effective.
The clinical profiles of the patients with HWS and WCIS were different. The patient with HWS had a history of birth hypoxia. The reflex seizures in this patient were characterized by a psychic aura (dé jà -vu) and a loss of awareness that occurred when he took showers or bathed with hot water. He also experienced spontaneous seizures with losses of consciousness and occasional evolution to bilateral convulsions. MR imaging revealed a septo-optic dysplasia with bilateral opercular polymicrogyria (Fig. 1) .
The patient with WCIS experienced seizures that were induced by mouth-washing with cold water. The contact of cold water with his right inner labial mucosa initiated a tingling sensation around his mouth that was followed by right-sided hemifacial clonic jerks, and occasionally followed by bilateral tonic-clonic convulsions. This patient initially exhibited epilepsy at the age of 18 years following a bout of acute encephalitis in the absence of associated lesions on MR. An interictal EEG revealed bihemispheric temporal lobe slow waves without epileptiform discharges. He was taking 600 mg of oxcarbazepine twice daily because this treatment prevented focal seizure propagation. However, this patient occasionally experienced mouth tingling when he unwillingly imbibed cold drinks. An attempt to induce seizures during EEG recording was performed, but the patient halted the stimulation due to fear of suffering a bilateral convulsion.
Discussion
We presented two different types of reflex seizures, both triggered by cutaneous-mucosal stimuli. TIS were more likely to be focal seizures without impairment of consciousness that evolved into bilateral convulsion when they were not treated with AEDs. Small lesions or epileptogenic zones in the perirolandic areas were always involved in their genesis. In contrast, HWS and WCIS exhibit more complex ictal semiologies, and larger brain areas seem to be involved in their origin.
In our patients with TIS, tactile stimuli triggered somatosensorial auras followed by focal motor seizures that exhibited the same propagation pattern in all four cases. This semiology was concordant with a focal onset in the perirolandic cortex. Two Table 1 Demographic and clinical characteristics of patients (LCM = Lacosamide; OXC = Oxcarbazepine; LTG = Lamotrigine; PB = Phenobarbital; ESL = Eslicarbazepine; PER = Perampanel). patients had lesions that were limited to the central sulcus, and all patients had abnormal EEGs pointing the frontocentral region. The medical treatments were effective in preventing seizure propagation, although the patients continued to experience reflex focal seizures.
Our findings are consistent with those of previous SSRS reports, which have typically described non-lesional cases, or related to focal cortical dysplasias or vascular lesions. Clinically, patients have often been described to suffer focal motor seizures, refractory to medical treatment: AEDs are effective in controlling the bilateral propagation of seizures, but focal motor seizures respond better to stimulus suppression. Interictal epileptiform discharges are frequently observed in the contralateral frontal region as seen in our patients [2] [3] [4] [5] . Seizure inhibition observed in one of our patients, is a scarcely reported phenomena on TIS, but thoroughly analyzed in JME [12] . It is also interesting to note that our patients needed certain stimulus time to trigger a seizure ranging from 5 to 20 s approximately.
Patients with lesional HWS and WCIS exhibit different clinical profiles. Reflex seizures are not typically the unique seizure type; rather they coexist with other types of seizures, such as those observed in our patients. Although it is difficult to assess, there seems to be a small predominance in males for this structural cases [7] [8] [9] [10] . Evidence supporting a non-specific location of focal onset, involving larger ictogenic areas can be observed in our patients, such as the presence of several seizure semiologies, history of diffuse brain injuries, including encephalitis, bilateral polymicrogyria and diffuse abnormal background activity on the EEG. These findings are in line with previous literature, that has described extensive lesions involving parietal or temporal lobes, combinations of different semiologies and sensibility to different water stimuli (e.g., bathing, mouth-washing, or touching) [8] [9] [10] . HWS and WCIS usually show poor response to medical treatment and stimulus avoidance has been considered the best treatment.
Conclusion
TIS semiology is a somatosensory aura followed by a focal motor seizure, which can involve impairment of consciousness if not treated with AEDs. The origins of these seizures seem to be related to small lesions or epileptogenic zones in the perirolandic areas. Structural originated HWS and WCIS reveal a wide spectrum of ictal phenomena and clinical features that are not such location specific and involve larger ictogenic areas. In both types of reflex seizures, stimulus avoidance is the most effective treatment.
